The essential oil was obtained from the aerial flowering parts of Tanacetum fisherae, a new record from Iran, by hydrodistillation and analyzed by GC and GC-MS. Eleven components representing 99.9% of the total oil were identified. 1,8-Cineole (79.9%) was characterized as the principal compound. The essential oil and its main component were tested against nine microbial strains. The result of the bioassays revealed that the oil possess potent antimicrobial property. This may be associated due to the presence of 1,8-cineole in the oil which tested individually and its high activity was observed. Micromorphological studies of hairs by scanning electron microscopy (SEM) exhibited the presence of abundant sessile capitate glandular and medifixed T-shaped eglandular trichomes on the leaves, flowers and achene, giving useful diagnostic characters for identification of this medicinal plant.
The genus Tanacetum L. is belonging to the tribe Anthemideae of Compositae and consists of more than 160 species worldwide [1] . In Flora Iranica area, this genus is represented by 18 sections and altogether 54 species distributed commonly in rocky mountains [2] . Recently, some new species and records from different provinces of Iran have been found. The species number of Tanacetum in flora of Iran based on the recent findings [3] [4] [5] .
T. fisherae with the common local name of Mofaroo is a perennial, aromatic and most scented subshrub plant native to Iran, Kerman province. Its strong aromatic odor is due to the presence of volatile oil especially 1,8-cineole. The essential oils composition and biological activities of some Tanacetum species have already been studied [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . Aerial parts of T. fisherae are used as a traditional herbal medicine for the treatment of gastrointestinal disorders also as a flavoring agent for many types of food products in Kerman. As part of our study on the characterization of Iranian aromatic and medicinal plants, here composition and antimicrobial activity of the essential oil and its major constituent and micromorphology of hairs of T. fisherae are reported.
Hydrodistilled essential oil of T. fisherae gave a yellow oil with the yield of 1.1% (w/w) based on the dry weight of plant. Eleven compounds were identified, representing 99.9% of the total oil. The qualitative and quantitative compositions are presented in Table 1 , where compounds are listed in order of their elution on the DB-5 column.
The oil was characterized by a high concentration of oxygenated monoterpenes (99.2%) of which 1,8-cineole (79.9%) being the major compound followed by trans-piperitol (8.4%), (cis-p)-menth-2-en-1-ol (5.9%) and (trans-p)-menth-2-en-1-ol (3.1%). The literature survey on the oils of Tanacetum species from Iran revealed that the essential oil composition of T. fisherae has not been investigated previously and this is the first report of essential oil profile of the recently recorded species for flora of Iran]. Monoterpene 0 Oxygenated 9 Total identified (11 9 a RI = retention index relative to C 6 -C 24 n-alkanes on the apolar DB-5. b MS = mass spectrum; Co I = coinjection with an authentic sample.
faecalis were the most resistant bacteria against the oil tested with MIC values of 15.0 and 7.5 mg/mL, respectively. Two Gram-negative bacteria i.e., Escherichia coli and Klebsiella pneumonia were found to be highly inhibited in the presence of the oil of plant with MIC value of 3.75 mg/mL. The growth of tested fungi at the volume of the oil used (10 µl) were highly inhibited with MIC value of 5 mg/mL, and then it was considered that these organisms were sensitive to the oil.
The antimicrobial property of the oil may be associated with the contribution of the 1,8-cineole (79.9%), which has been examined individually and was found to have a significant antimicrobial activity. The results revealed that the oil has greater antimicrobial property than those of 1,8-cineole (Table 2) . Otherwise, other main oxygenated hydrocarbons of the oil e.g., trans-piperitol, (cis-p)-menth-2-en-1-ol and (trans-p)-menth-2-en-1-ol, may be responsible for this activity. A comparison of growth inhibition zones among the whole essential oil of T. fisherae, 1,8-cineole and positive controls, considerable antimicrobial property of the oil was justified. By comparison to the antimicrobial activity of the 1,8-cineolerich essential oils, e.g., Eucalyptus species [22, 23] , the essential oil of T. fisherae showed pronounced activity against most microbial strains tested. Therefore, the synergistic effects of the active compound with other components of the essential oil could be taken into consideration for the antimicrobial activity. The essential oil composition and the observed antimicrobial properties show that the oil has a good potential for use in aromatherapy and pharmacy, and support the popular uses of this plant in the folk medicine of Iran.
The vegetative (leaf) and reproductive (flower and achene) organs of T. fisherae are covered by an indumentum containing both eglandular and glandular hairs (Figure 1 ). In this study we are giving most emphasis to the type and distribution of glandular trichomes that secreting essential oils. The eglandular trichomes are medifixed, two parted and T-shaped that is frequent on leaf surface together with glands ( Figure 1; a-b ). The glandular ones are sessile and capitate consisting of a short stalk with the apical pair enlarged head covered by a thick cuticle (Figure 1; d,f) . The glandular hairs are more abundant on the abaxial leaf surface, achene and between ribs, as well as outer surface of corolla (Figure 1; a,c,e ). The micromorphological analysis of the trichomes provides useful diagnostic characters for identification of this medicinal plant.
Experimental
The aerial parts of T. fisherae were collected at full flowering stage in July 2010, from the Hezar mountain, at an altitude of 3800 m, Kerman, Iran. A voucher specimen (MPH-1418) was deposited in the Medicinal Plants Research Institute Herbarium (MPH), Shahid Beheshti University, Tehran, Iran. Air-dried aerial parts (100g) of T. fisherae were subjected to hydrodistillation for 3.5h, using a Clevenger-type apparatus. The distillate was dried over anhydrous sodium sulfate and stored in a sealed vial at 4ºC before analysis and test.
GC analysis was carried out on a Thermoquest-Finnigan Trace GC instrument equipped with a capillary DB-5 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 μm). Nitrogen was used as the carrier gas at the constant flow of 1.1 mL/min. The oven temperature was held at 60ºC for 1 min, then programmed to 250ºC at a rate of 4ºC/min, and then held for 10 min. The injector and detector (FID) temperatures were kept at 250ºC and 280ºC, respectively. GC-MS analysis was performed on a Thermoquest-Finnigan Trace GC-MS equipped with a DB-5 fused silica column (60 m × 0.25 mm i.d., film thickness 0.25 μm). The oven temperature was raised from 60ºC to 250ºC at a rate of 5ºC/min, then held at 250ºC for 10 min.; transfer line temperature was 250ºC. Helium was used as the carrier gas at a flow rate of 1.1 mL/min; split ratio was 1/50. The quadrupole mass spectrometer was scanned over the 45-465 amu with an ionizing voltage of 70 eV and an ionization current of 150 μA.
The constituents of the oil were identified by calculation of their retention indices under temperature programmed conditions for n-alkanes (C 6 -C 24 ) and the essential oil on DB-5 column. Identification of individual compounds was made by comparison of their mass spectra with those of the internal reference mass spectra library or with authentic compounds and confirmed by comparison of their retention indices with those of reported data in the literature [24] .
Nine microbial strains used were as follows: Bacillus subtilis (ATCC 465), Enterococcus faecalis (ATCC 29737), Staphylococcus aureus (ATCC 25923), S. epidermidis (ATCC 12228), Escherichia coli (ATCC 25922), Klebsiella pneumoniae (ATCC 10031), Pseudomonas aeruginosa (ATCC 85327), Candida albicans (ATCC 10231) and Saccharomyces cerevisiae (ATCC 9763). The (6 mm) , values are given as mean ± SD (3 replicates). b Minimum inhibitory concentration values in mg/mL. (-), inactive; (nt), not tested; (7) (8) (9) (10) (11) (12) (13) (14) , moderately active; (>14), highly active. antimicrobial activity of T. fisherae essential oil and its main component, 1,8-cineole, was determined by the disk diffusion method [25] . Briefly, 0.1 mL of a suspension of the test microorganism (108 cells/mL) was spread on Mueller-Hinton Agar plates for bacteria and Sabouraud Dextrose Agar for the fungi.
Sterile 6 mm disks, each containing 10 μL of essential oil were placed on the microbial lawns. Disks containing 10 μL of 1,8-cineole were used to study the antimicrobial activity of the major oil component. The plates were incubated at 37ºC for 24 h for bacteria and 30ºC for 48 h for fungi. The diameters of the zones of inhibition were measured and reported in mm. Standard reference antibiotics were used in order to control the sensitivity of the tested bacteria (ampicillin) and fungi (nystatine). All tests with three replications at weekly intervals were run in triplicate and mean values recorded. MIC values were determined by the broth microdilution assay recommended by the [26] . Serial two-fold dilutions of the essential oil were made in Mueller-Hinton Broth containing 0.5% Tween 80 for bacteria and Sabouraud Dextrose Broth with 0.5% Tween 80 for fungi in 96-well micro titer plates. Fresh microbial suspensions prepared from overnight grown cultures in the same media were added to give a final concentration of 5 × 105 organisms/mL. Controls of medium with either microbes or the essential oil alone were included. The microplates were incubated at 37ºC for 24 h for bacteria and 30ºC for 48 h for fungi. The first dilution with no microbial growth was recorded as the MIC. For observation by scanning electron microscopy fragments of leaves, flowers and mature achenes of T. fisherae were directly mounted on stub using double adhesive tape and coated with gold in sputtering chamber and observed under SEM (Philips-XL30).
